Summary: Adsorption of bilirubin in vitro by human foetal erythrocytes from umbilical cords was significantly greater than the binding by adult erythrocytes.
Introduction
there are differences between foetal and adult erythroo · -ri.-i· u· -. * · cytes in bilirubin binding. Studies on the interaction of bilirubin with substances in the bloodstream show that bilirubin has a great affinity for albumin; two molecules of bilirubin bind with one
Material and Methods molecule of albumin in such a way that one bilirubin Preparation of cell suspensions molecule is much more firmly bound than the other ^ from ^^ human ^^ and from ^ ujnbilical (1) (2) (3) . In addition to binding with albumin, bilirubin is O f nor mal human newborns were used with heparin as antibound by erythrocytes (4) (5) (6) (7) (8) (9) . Bilirubin binding by coagulant. Erythrocytes were separated by centrifugation erythrocytes may play a role in bilirubin toxicity in new^^^^^^^^SiS bom (10) (11) (12) . We found previously that erythrocytes solution (see below) by resuspension in ten times their volume, from newborn rats have a greater capacity than erythroThe cells were used either within 2 h after collection or stored cytes from adult rats to bind bilirubin (13) . Tlae present ^ ' £ ± XÜÄ ™'£«« Study was carried out to extend Our Studies on bilirubin j^ er y throcy te stroma was prepared by the method of Tiscoff binding to human erythrocytes and to determine whether (14) .
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Preparation ofbuirubin solutions
Unconjugated bilirubin was dissolved in 0.1-0.15 ml NaOH (0.1 mol/1) and then added to Ringer-Krebs of the following composition (mmol/l): NaCl 140; KC14.9; CaQ 2 0.25; NaH 2 P0 4 1.5;Na 2 HP0 4 6.9;MgSO 4 1.2; glucose 11 (pH 7.4) (15) containing bovine serum albumin to give a molar ratio of bilirubin to albumin of 2:1 (bilirubin-albumin solution). Bilirubin solutions in the concentration range 100-820 ìéçïÀ/À were prepared.
Incubation procedures
The incubation mixture consisted of 0.5 ml bilirubin-albumin solution and 1 ml red cell suspension of haematocrit 0.50. In order to estimate the quantity of bilirubin bound by cells two procedures (a and b, below) were used.
(a) (16, 17, 18) Immediately after mixing with the bilirubinalbumin solution (or in some experiments, after an incubation period at 37 °C in a shaking bath) the cells were packed by centrifugation and bilirubin was determined in the supernatant.
Simultaneously and in similar conditions the bilirubin concentration was measured in a control tube of the same solution without the addition of red cells, to take account of the spontaneous loss of bilirubin.
The decrease of bilirubin in the medium surrounding the cells, related to the control tube, was interpreted as a measure of its binding by the cells.
(b) (5, 6) After 15 min incubation with bilirubin-albumin solution the red cell suspension was centrifuged for 5 min (at about 1000 g) and the supernatant was discarded. Then, the red cells were washed three times in 40 ml of the Ringer-Krebs solution until no yellow colour was seen in the washings. After the final washing, the supernatant was discarded and the cells were resuspended in 2 ml of 30 g/1 of bovine serum albumin, pH 7.4. The red cell suspension was incubated in a shaking water bath for 15 min at 37 °C and the bilirubin bound by cells was eluted.
After sedimenting the cells by centrifugation, the bilirubin conĉ entration was determined in the supernatant and the amount of bilirubin bound by cells was calculated. As 95% of the elutable bilirubin was consistently removed in the first eluate, only a single elution was performed (5, 6, 8) .
All the experiments were carried out in the dark. The pH of the medium was unchanged after incubation.
Recovery of bilirubin added to the system (cells plus medium)
It was determined by comparing the quantity of bilirubin in the stroma of erythrocytes incubated in a bilirubin-albumin solution plus that in the supernatant, with the quantity measured in the suspension of the same stroma (18) .
Results
Spontaneous disappearance of bilirubin in the incubation medium during 30 min of incubation averaged 2.3% ( fig. 1 ). Recovery of bilirubin averaged 95%. Table 1 shows the data on in vitro bilirubin binding by foetal and adult erythrocytes. Significantly more bilirubin was bound immediately at a bilirubin concentration of 600 ìéçïÀ/À than at a concentration of 300 ìéçïÀ/l by foetal and adult erythrocytes (p < 0.001 and 0.02, respectively). Foetal and adult erythrocytes showed no significant difference in the immediate binding of bili- 
Analytical procedures
The bilirubin concentration in the supernatant was estimated by direct spectrophotometry (1,17) in a Beckman DU 2 Spectrophotometer (460 nm). A correction was made for the interference due to haemoglobin (19) . The results did not differ from those obtained by the diazo reaction (20) for bilirubin determination.
The amount taken up by the cells was expressed as ìéçïÀ/l cells. Haematological studies included the determination of the packed cell volume and immature cell counts in blood smears by standard laboratory techniques (21) . Reticulocytes and other immature cells amounted to no more than 2% in all the samples studied.
Chemicals
Bilirubin and bovine serum albumin were obtained from Sigma (St. Louis Mo., U.S.A.). All other reagents Used were of analytical grade. rubin at a bilirubin concentration of 300 ìðéïÀ/À, while a significant difference was observed at a bilirubin concentration of 600 ìðéïÀ/l (ñ < 0.01).
After 30 min of incubation at a bilirubin concentration of 600 ìéçïÀ/À, bilirubin binding increased significantly compared with immediate bilirubin, and this increase occurred only in the foetal erythrocytes (p < 0.001).
After 30 min of incubation at a bilirubin concentration of 600ìðéï1/1 the difference between bilirubin bound by foetal and adult erythrocytes was highly significant (p< 0,001). 
Discussion
The present findings show that the capacity to bind bilirubin in vitro is greater, per unit of packed ery throcyte volume, in foetal than in adult erythrocytes.
Differences in surface area/volume ratio (23) between both cells could not explain the differences in bilirubin binding which would be even greater than those presented if binding were expressed per unit of cell surface area.
It is to be noted that changes in metabolic and membrane functions (24) (25) (26) (27) have been reported to occur in red blood cells during the postnatal period. The slow component of bilirubin concentration decay in a medium with suspended foetal cells ( fig. 1 ) would represent bilirubin incorporation into a compartment which was not observed in cells from adults. This is related to the significant increase observed in bilirubin bound by foetal cells on incubation (tab. 1). The pigment bound to both types of cells was partially eluted by albumin (figs. 2 and 3) although the fraction eluted was significantly greater in adult than in to foetal cells. This finding points to differences in bilirubin affinity of cell surface sites. The difference in bilirubin binding capacity between both cell types, although evident at a medium bilirubin concentration equal to twice the plasma bilimbin concentration when exchange transfusion is indicated, would suggest a possible role of circulating foetal red cells in bilimbin distribution to the tissues. This would be of the greatest interest during the neonatal period.
